Background: Vaccination policy in France was previously characterised by the coexistence of eight recommended and three mandatory vaccinations for children younger than 2 years old. These 11 vaccines are now mandatory for all children born after 1 January 2018. Aim: To study the French population's opinion about this new policy and to assess factors associated with a positive opinion during this changing phase. Methods: A cross-sectional survey about vaccination was conducted from 16 November-19 December 2017 among the GrippeNet.fr cohort. Data were weighted for age, sex and education according to the French population. Univariate and multivariate analyses were performed to identify factors associated with a favourable opinion on mandatory vaccines' extension and defined in the '3Cs' model by the World Health Organization Strategic Advisory Group of Experts working group on vaccine hesitancy. Results: Of the 3,222 participants (response rate 50.5%) and after adjustment, 64.5% agreed with the extension of mandatory vaccines. It was considered a necessary step by 68.7% of the study population, while 33.8% considered it unsafe for children and 56.9% saw it as authoritarian. Factors associated with a positive opinion about the extension of mandatory vaccines were components of the confidence, complacency and convenience dimensions of the '3Cs' model. Conclusions: In our sample, two thirds of the French population was in favour of the extension of mandatory vaccines for children. Perception of vaccine safety and benefits were major predictors for positive and negative opinions about this new policy.
Introduction
Vaccination suffers in several countries from growing scepticism [1, 2] . This complex phenomenon, also known as 'vaccine hesitancy', is defined by the World Health Organization (WHO) as a 'delay in acceptance or refusal of vaccines despite availability of vaccination services' [3] . According to the Strategic Advisory Group of Experts (SAGE) working group on vaccine hesitancy, vaccination determinants belong to the '3Cs' model, composed of confidence, convenience and complacency factors [4] . The confidence dimension refers to the trust in the effectiveness and safety of vaccines, in the system that delivers them and in the motivations of vaccination policymakers. The complacency dimension refers to the perception that vaccination is still a necessary preventive action and the convenience dimension refers to availability and accessibility of vaccines [4] . In France, the confidence dimension has been weakened by several controversies; for example, by claims that the hepatitis B virus (HBV) vaccine might be linked to multiple sclerosis or by safety concerns about human papillomavirus (HPV) vaccine, even though no scientific data support these theories [5, 6] . The mass vaccination campaign to protect the French population against the pandemic influenza A(H1N1) in 2009 also appears to have affected population confidence in vaccine safety. The accelerated authorisation procedure to market pandemic vaccines called their efficacy and safety into question, as well as the actual motivations of pharmaceutical firms. Moreover, the public health authorities lost credibility because of the contrast between the large size of the vaccination campaign and the small proportion of the population that was actually vaccinated during the pandemic [7] . Information sources used by the general population may also influence beliefs about vaccine safety and efficacy, attitude towards vaccination and the level of knowledge about vaccines [8] [9] [10] . Several studies have shown that health professionals' recommendations have a positive influence on vaccination behaviour, whereas the Internet has played a large role in disseminating anti-vaccination information [8, 9, 11] . Negative content related to vaccination tends to proliferate on the Internet, where anti-vaccination arguments are more present, have greater visibility and are rarely countered [10] .
In order to address vaccine hesitancy and thus improve vaccination coverage, several new measures were set up in France. For example, in 2016 the national public health agency (Santé publique France) launched the website Vaccination Info Service to provide reliable information about vaccination [12] . Concerning the influenza vaccine, since 2017 French government have allowed pharmacists to administer vaccines to adults who have already had a vaccination in the past in order to increase convenience and expand access to vaccination. A new vaccination policy for children was also set up in France in 2018.
Until 2018, French vaccination policy was characterised by the coexistence of recommended and mandatory vaccinations. For newborns, measlesmumps-rubella (MMR), pertussis, pneumococcus, HBV, meningitis C and Haemophilus influenzae vaccinations were recommended, whereas diphtheria, tetanus and poliomyelitis (DT-polio) vaccinations were mandatory. In 2004, the French public health law set a vaccination coverage goal of 95% for children vaccine-preventable diseases. In 2015, only one childhood vaccine reached and surpassed that goal: the mandatory DT-polio vaccine, with 99% coverage. Coverage for three doses of HBV vaccine was estimated at 88%, for two doses of MMR vaccine at 80% and for at least one dose of meningococcal vaccine at 78% by the age of 24 months [13] . A French study revealed that non-mandatory vaccinations were perceived as optional and not as safe and effective as mandatory ones [14] . In order to raise vaccination coverage and restore trust in vaccines, the French government decided to make all eight recommended vaccines mandatory for all children born after 1 January, 2018 [13, 15, 16] . Public opinion was central to this decision. Indeed, this measure resulted from a citizen consultation on vaccination that took place in 2016, in which the point of view of various groups was analysed: the general population, health professionals, researchers in the humanities and social sciences, and experts on vaccines [16] . However, some studies showed that policies with mandatory vaccination have been controversial, especially in a context of mistrust towards vaccination [17] , and could generate opposition from anti-vaccine activists [16, 18] .
Vaccination policies vary widely between European countries, from no recommended vaccines at all, to entirely mandatory childhood vaccination programmes [19] . In Italy, the low immunisation levels and negative trends also led to the introduction of mandatory vaccination in July 2017 for 10 infectious diseases [11, 19] . A few months before this new obligation, an Italian study found that the majority of 1,820 interviewed pregnant women (81.6%) were in favour of compulsory vaccination and that information sources and confidence towards health professionals were the main determinants of acceptance of mandatory vaccines [11] .
The main objective of this study is to assess the French population's acceptance of this new mandatory vaccine policy in France and to identify factors associated with its favourable regard during this transitional phase in the end of 2017, in order to guide future public health policies.
Methods
We conducted a cross-sectional survey on GrippeNet. fr participants from November-December 2017, just before implementation of the new vaccination policy in France.
Population
The study was conducted using data collected in the cohort GrippeNet.fr, a web-based participative study conducted in France since 2012 [20] . This project is part of a European multicentric project, Influenzanet (http://www.influenzanet.eu), which allows monitoring of influenza-like illness diffusion directly in the general population. The inclusion criteria to participate in the GrippeNet.fr study include: residence in France and access to the Internet. Upon registration, participants are asked to complete a baseline questionnaire covering demographic factors (age, sex), geographical factors (location of home and work/school, expressed at the municipality level), socio-economic factors (household size and composition, occupation, educational level, number of daily contacts with children or elderly people, daily transportation means) and several health-related factors. Subsequently, they are invited to describe weekly clinical symptoms during the influenza season. According to a previous study, the GrippeNet.fr population was not representative of the general population in terms of age and sex; however, all age groups were represented, including older age groups (≥ 65 years old). Once adjusted for age and sex, the GrippeNet.fr population was found to be more frequently employed, with a higher education level and vaccination rate than the general population (data from 2012 [20] ).
For this study, participants in GrippeNet.fr were encouraged from 16 November-19 December 2017 to complete a questionnaire on the theme of vaccination, in addition to the weekly symptom survey. At that time, the new mandatory vaccination policy was approved by the government and was planned to start for all children born after 1 January 2018. An email and a reminder were sent to invite GrippeNet.fr participants to take part in this study. Participation was voluntary. 
Inclusion criteria
From the GrippeNet.fr participant pool, we included only participants who: were between 18-90 years old, completed at least one baseline questionnaire, were living in mainland France, had participated in 2016/17 or 2017/18 GrippeNet.fr seasons by filling in at least one questionnaire on weekly clinical symptoms.
Sample size calculation
A previous study showed that around 56% of the French population was in favour of the extension of the mandatory vaccination in 2008 [21] . Considering this proportion, we set a confidence level at 95% and 5% margin of error. The final sample size was expected to be at least 1,208 completed questionnaires.
Questionnaire
The questionnaire was built according to the literature [22, 23] . It was then discussed and validated by a panel of experts in the vaccination field: members of the national public health agency (Santé publique France), immunologists, epidemiologists, a general practitioner and a sociologist, with support from biostatisticians. The survey included 36 questions, either optional or mandatory, about vaccination. Five of them were multiple-answers questions, 19 were single-choice questions, seven were numerical scale from 0 to 100 questions and five were free text questions (not analysed here).
Questions were divided into three main categories: (i) behaviour, awareness and opinion towards vaccination (influenza vaccination in the current season, feeling well-informed about vaccines, sources of information towards vaccination, trust in different sources), (ii) perceived risks and benefits of vaccination (population health benefits, individual health benefits, inconveniences, side effects, vaccine testing) and (iii) opinion on the extension to 11 mandatory vaccines.
Socio-demographic characteristics came from baseline questionnaires: age, sex, level of education, occupation, presence of children in the household, place of residence and geographic division (according to French phone area codes).
Questions on vaccine benefits and risk perception were evaluated with a numeric scale ranging from 0 to 100, where 0 meant least benefits, inconvenience, probability and seriousness and 100 meant most benefits, inconvenience, probability and seriousness. Inconvenience of vaccination meant both logistical and physical inconvenience of vaccination (time, money, puncture pain, etc.).
Data analyses
A description of the study population was performed and outliers were verified, corrected or excluded as needed. Duplicate questionnaires were removed (the last questionnaire completed was kept for analyses).
The French National Institute of Statistics and Economic Studies (INSEE) provided the demographic and socioeconomic data of the French population.
Some variables were recoded in order to facilitate the analyses and the presentation of the results. The place of residence was defined in two categories (urban or rural), based on the geographical location and according to the INSEE definition. The opinion about new mandatory vaccines and several others variables, were split into two levels, 'in favour' (grouping 'strongly agree' and 'agree' together) and 'not in favour' (grouping 'neither agree nor disagree', 'disagree' and 'strongly disagree' together). We classified the neutral answer ('neither agree nor disagree') within the negative opinion for analyses, as neutrality may reveal either a lack of perceived benefits or doubts over the successful implementation of mandatory vaccinations. Several authors of studies on vaccine hesitancy have adopted a similar approach [1, 7] . The quantitative variable concerning level of trust in institutional sources was split in two levels, 'in favour' for a score > 50 of 100 and 'not in favour' for a score ≤ 50 of 100. Other quantitative variables were stratified into quartiles, except for age, for which age groups were created: 18-34 years old, 35-64 years old, 65-90 years old.
Survey respondents were weighted to reflect the French population's proportions on age, sex and level of education, based on the most recent INSEE data available [20] . For descriptive analysis, we expressed the raw number, the raw and weighted proportions of Perceptions were scored on a scale of 0 to 100, with 0 meaning the lowest benefit, level of inconvenience, probability or seriousness and 100 meaning the highest benefit, level of inconvenience, probability or seriousness, respectively.
the qualitative variables, and the weighted median and quartiles of the quantitative variables.
To assess the factors associated with positive opinions about the new mandatory vaccines, weighted populations were used in regression models. The effect of each explanatory variable was studied using univariate analysis first, then multivariate analysis. All collected variables were assessed by univariate analysis, and those achieving a p value < 0.20 (using the Wald test for logistic regression) and considered relevant by the authors were included in multivariate analysis. We used a principal component analysis (PCA) to identify independent dimensions of patient trust in sources of information to limit factors included in the multivariate analysis. Sources of information that contributed to the same dimension in PCA were grouped in a unique variable. A backward stepwise variable selection procedure was then used to remove factors with a p value > 0.05. Adjusted odds ratios (aORs) and 95% CIs were calculated for the determinants that remained in the final model. Missing values were indicated and were excluded from the models. All statistical analyses were performed using the R software version 3.5.0 (R Foundation, Vienna, Austria).
Ethical statement
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Results
Among the 6,383 GrippeNet.fr participants who fulfilled inclusion criteria, 3,222 individuals participated. The response rate was 50.5% (3,222/6,383). Duplicate questionnaires were removed (n = 63).
Socio-demographic characteristics
Before adjustment, the study population was composed of 62.9% women and 37.1% men, with a mean age of 52.7 years; 66.3% of respondents had a level of education higher than high school diploma.
After adjustment for age, sex and level of education, data showed that a majority of the population was working (51.4%) and 38.9% was retired. Most of the population was living in urban areas (76.8%) and with children (76.2%). Influenza vaccination coverage for people ≥ 65 years old was 60.9%. All the following results are adjusted (Table 1) .
Behaviour, awareness and opinion towards vaccination
A large majority of respondents had only a paper vaccination record (76.1%) and thought of themselves as being up to date with the immunisation schedule (80.4%). Santé publique France's website about vaccination was little known by the study population (11.6%), whereas individuals gathered information about vaccination mostly from health professionals (68.1%), news media (49.2%) and institutional sources (45.0%). Trust in health professionals was very high (85.4%), whereas less than half of the study population trusted information delivered by the news media (47.9%) and very few trusted information found on social media networks (7.7%). Principal component analysis resulted in identifying two independent dimensions of trust in sources of information: on the one hand, a dimension of respondents who trusted health professionals or news media and on the other hand, a dimension of respondents who trusted social networks, mainstream websites or alternative health practitioners (Figure 1 ).
Concerning the administration of vaccination, 67.5% and 62.7% of the population approved vaccination by pharmacists and occupational physicians, respectively (Table 2 , Figure 1 ).
Perception of vaccination benefits and risks
Evaluation 
Opinions on vaccination and the extension to 11 mandatory vaccines
A large majority of the respondents supported vaccination in general (81.7%); however, 28.2% were not in favour of some specific vaccines. Concerning the new mandatory vaccination policy, 62.4% were in favour and 31.0% were not in favour (including 6.5% with no opinion). The new programme was considered to be a necessary step for 68.7% of the population, whereas 33.8% of participants regarded it to be a risk for children who will be vaccinated. The policy change was perceived as authoritarian by 56.9% of respondents (Table 3) .
Factors associated with a favourable opinion of the extension to 11 mandatory vaccines
In univariate analysis, factors associated with a favourable attitude towards the extension to 11 mandatory vaccines were both socio-demographic and concerning behaviour and opinions towards vaccination ( Table 4 ) .
Concerning socio-demographic factors, the respondents were more favourable to the new mandatory vaccination policy if they were men (odds ratio ( The numeric scale questions on vaccination's benefits and risks were all significantly associated with an opinion on the new mandatory vaccination policy: the highest quartiles for variables concerning benefits of vaccination and the lowest quartiles concerning the b Principal component analysis (PCA) was used to identify independent dimensions of patient trust in sources of information to limit factors included in the multivariate analysis.
Analysis was performed on data weighted on age, sex and level of education of the French population.
probability and seriousness of side effects and the level of inconvenience were associated with a favourable opinion (Table 4) .
In multivariate analysis, factors significantly associated with a favourable opinion on the new mandatory vaccination policy were: believing that vaccination brings a very important health benefit to the population 
Discussion
This work uses data from the GrippeNet.fr study to provide an overview of opinions about the new mandatory vaccination law in France, which has been in place since 1 January 2018, in the general population. In our sample, the French population was rather in favour of the extension of mandatory vaccines for children. Perception of vaccine safety and benefits were b Principal component analysis (PCA) was used to identify independent dimensions of patient trust in sources of information to limit factors included in the multivariate analysis. Analysis was performed on data weighted on age, sex and level of education of the French population.
Table 4b
Univariate analysis for predicting favourable attitudes towards new mandatory vaccines, perception of mandatory childhood vaccination programme study, France, 2017 (n = 3,222) major predictors for positive opinions towards this new policy.
In our sample of the French population, the proportion in favour of vaccination was 81.7%. This global result is consistent with a random phone survey conducted in France, the French health barometer, which found that 75.1% of respondents were in favour of vaccination in general in 2016 [24] . An Italian survey, also from 2016, found that 83.7% of parents were pro-vaccination [25] . However, these positive results need to be qualified. First, not all vaccines receive a favourable opinion from the population: in 2015, another study among Grippenet.fr participants showed that only 39% of the French population have a positive opinion about influenza vaccination in France [7] . Moreover, doubts about vaccine safety remain, as demonstrated in our study, wherein a third (33.8%) of the population regarded the new vaccination policy to be a risk for children who will be vaccinated. In 2016, an international study pointed out that vaccine safety sentiment is particularly negative in France and Italy, with 41.0% and 18.7% of the population finding vaccines unsafe, respectively [1] . In addition, half of the French parents (46%) were considered vaccine hesitant, following the WHO SAGE definition in 2016 [22] .
According to the SAGE working group on vaccine hesitancy, vaccination determinants belong to the '3Cs' model, composed of confidence, convenience and complacency factors [4] . In our study, several variables concerning the confidence in vaccines (i.e. a perception of low severity of the most common side effects of vaccines, a belief that vaccines are thoroughly tested and confidence in health professionals and news media concerning vaccine topics) and the complacency toward vaccines (i.e. a perception that vaccination brings a very important health benefit to the population) were associated with a positive opinion of the new mandatory vaccination policy in multivariate analysis. The question regarding the convenience dimension found an association between a low level of perceived inconvenience and a favourable opinion in univariate analysis. All of these results confirmed the relevance of the '3Cs' model in the field of vaccination acceptance [23] . Likewise, according to the health belief model, vaccination resulted from the balance between perceived risks and benefits [26] . Beliefs about vaccine safety and efficacy are also frequently associated with opinions on vaccination in other studies [2, [27] [28] [29] . Controversies about vaccine safety are widespread on the Internet and some news media, causing doubts about vaccine safety, as demonstrated by an Italian study exploring the relationship between MMR vaccination coverage and online search trends asocial network activity on the topic 'autism and MMR vaccine' [5, 9] . Therefore, when it comes to vaccines, reliable sources of information are crucial and delivering clear information on vaccine safety should be a priority to overcome vaccine hesitancy [3, 11] . In France, Santé publique France's Vaccination Info Service website was created for this purpose, but our study reveals that it remained little known by the population [12] . Further efforts are necessary to increase its diffusion and potential impact.
Health professionals play a key role in delivering information on vaccination to the population [3] ; they were the most used (by 68.1% of the population) and trusted (85.4%) source of information in our study, confirming what was found previously by the 2016 health barometer in France (81.3% of parents seeking information from a physician about immunisations [24] ) and by an American study (90% of parents receiving vaccine information from their child's healthcare provider between 2002 and 2005 [30] ). However, several studies conducted in France revealed a considerable level of vaccine hesitancy among general practitioners, possibly reinforcing patients' vaccine hesitancy [31, 32] .
In our sample of the French population, two thirds were in favour of the new mandatory vaccines. We found a clear difference between being in favour of vaccination and being in favour of mandatory vaccination (81.7% and 64.5%, respectively), pointing to the reluctance of the population when public health interventions are of mandatory nature. More than half of the population deemed this measure authoritarian (56.9%), as opposed to allowing for individual freedom, as is frequently claimed by anti-vaccination groups. Ten years before our study, in 2008, a French opinion survey assessed that only 56.5% of the general population was in favour of mandatory vaccination. The authors suggested that this low percentage may have been the result of a fear of reduced dialogue and a lack of information shared with parents about immunisation, or perhaps that mandatory vaccination was perceived as a violation of individual rights. However, it is interesting to note that in this study another possible response to this question was to be in favour of certain specific mandatory vaccinations, but not all (35% of the study population), which is consistent with our study (28.2%). Some respondents had a negative opinion of certain vaccinations, preventing them from being in favour of the full extension of the mandatory vaccination programme [21] . In particular, HBV immunisation is frequently considered unjustified in children, because of past unfounded controversies and as the disease primarily occurs in adults [21, 22] . The feeling of loss of individual choice was also described in an American study that analysed the effects and difficulties of mandatory vaccination programmes implemented in the United States (US). The authors of this study also observed a decrease in perceived necessity and an increase in safety concerns, which led to a steady increase in exemption rates in the US [17] .
No socio-demographic factors were associated with a favourable opinion on mandatory vaccines' extension in multivariate analysis. In univariate analysis we assessed that being male, having a high level of education and living in an urban area were positively associated with acceptance of mandatory vaccines' extension. Several studies reported higher levels of confidence in vaccine safety among people with higher educational levels or income [33] . On the contrary, a recent review on determinants of parental decisionmaking about vaccination revealed an association between parents' higher socio-economic status and anti-vaccination attitudes in high-income countries, such as the US, France or Italy [3] . In France, the association between high economic status and a positive opinion of vaccination was observed in 2016, and of mandatory immunisation in 2008 [21, 24] . Thus, interpretation of individual determinants for predicting an opinion on vaccination remains complex and challenging [34] .
In the context of political changes in vaccination policies in European countries and efforts to overcome vaccine hesitancy, this study may help to improve understandings of the dimensions that impact populations' opinions on mandatory vaccination programmes [19] . Furthermore, this study may assist countries in deciding whether or not to implement mandatory vaccination programmes and associated measures to increase vaccination coverage.
It is important to note that we deployed our questionnaire a few months after the initial communication by the French Ministry of Health about the mandatory vaccination policy change that occurred in July 2017. This timing allowed us to gather opinions and perceptions while the change was being implemented, and was possible thanks to the use of online participatory technologies. However, the topic's high level of coverage in the news media, concerning both the government's commitment in favour of vaccination and the anti-vaccination movement's claims, may have affected the population's opinions at that time. Thus, the early timing of this study may allow it to become a reference for further studies evaluating trends in public opinion on vaccination policy. This work is a cross-sectional, self-administered study and the global response rate of 50.5% may have induced a selection bias between respondents and non-respondents; in particular, participants might be more sensitive to health issues or more interested in the vaccination topic than non-respondents. Despite weighting our data to match the French population on age, sex and level of education, our population was still not fully representative of the French population. Influenza vaccination coverage for people ≥ 65 years was higher than in the French general population of the same age group (60.9% vs 49.7% [35] ). The overrepresentation of vaccinated individuals in the sample is a critical point in the evaluation of the population's opinion on vaccination policy. Adjusting for age, sex, education and vaccination status would require an age/sex/education classification of vaccinated individuals in the general population that is not yet available in France.
A bigger difference was expected between the probability of serious side effects and the probability of side effects of any type (median of 32 and 49, respectively), which suggested that respondents may have misread/ misunderstood the question or that they may have found difficulty in providing an evaluation on numeric scales.
In conclusion, the French population in our sample was rather in favour of the policy to extend mandatory childhood vaccination. Perceptions seem to depend on the degree of trust in the safety and benefits of vaccination. By evaluating the general population's opinion on mandatory vaccination, this study may contribute to guide action in order to reduce vaccine hesitancy. Long-term benefits of this measure and population acceptance should be evaluated in the near future.
